In this paper we report a new transiting warm giant planet: KOI-1257 b. It was first detected in photometry as a planet-candidate by the Kepler space telescope and then validated thanks to a radial velocity follow-up with the SOPHIE spectrograph. It orbits its host star with a period of 86.647661 d ± 3 s and a high eccentricity of 0.772 ± 0.045. The planet transits the main star of a metal-rich, relatively old binary system with stars of mass of 0.99 ± 0.05 M and 0.70 ± 0.07 M for the primary and secondary, respectively. This binary system is constrained thanks to a self-consistent modelling of the Kepler transit light curve, the SOPHIE radial velocities, line bisector and full-width half maximum (FWHM) variations, and the spectral energy distribution. However, future observations are needed to confirm it. The PASTIS fully-Bayesian software was used to validate the nature of the planet and to determine which star of the binary system is the transit host. By accounting for the dilution from the binary both in photometry and in radial velocity, we find that the planet has a mass of 1.45 ± 0.35 M , and a radius of 0.94 ± 0.12 R , and thus a bulk density of 2.1 ± 1.2 g.cm −3 . The planet has an equilibrium temperature of 511 ± 50 K, making it one of the few known members of the warm-jupiter population. The HARPS-N spectrograph was also used to observe a transit of KOI-1257 b, simultaneously with a joint amateur and professional photometric follow-up, with the aim of constraining the orbital obliquity of the planet. However, the Rossiter-McLaughlin effect was not clearly detected, resulting in poor constraints on the orbital obliquity of the planet.
Introduction
Transiting giant exoplanets still have many secrets to reveal. Most of the known giant planets with both a measured mass and radius orbit their host stars with periods of a few days (the so-called hot jupiters). This population of planets has been deeply explored thanks to large ground-based photometric surveys such as Super-WASP (Collier Cameron et al. 2007 ) and HAT-Net (Bakos et al. 2007 ). They revealed a large diversity in terms of bulk density and internal structure, from dense giant planets such as, HAT-P-20 b (ρ p ≈ 13.78 g.cm Different physical processes might explain this diversity. They were reviewed in Baraffe et al. (2014) , and references therein. They are mostly driven by the fact that the planet is very close to its host star. Therefore, the planet receives a strong irradiation and/or an efficient tidal heating (as in the case of Io with Jupiter). However, to further probe and understand those physical processes, it is important to compare the properties of hot jupiters with a population of warm and cool giants. Demory & Seager (2011) found a lack of inflated radii for moderateirradiated giant planet-candidates detected by Kepler (Borucki et al. 2009 ). However, giant Kepler Objects of Interest (KOIs) are known to be biased by a significant rate of false positives (Santerne et al. 2012b) . To constrain the physics of planets, it is important to consider only well-established planets for which the physical parameters have been accurately determined.
Radial velocity planet detections have already provided some constraints, as discussed in, e.g. Adibekyan et al. (2013) and Dawson & Murray-Clay (2013) . However, characterising longer-period giant transiting planets would permit to constrain even further those formation and migration processes, by measuring their orbital obliquity through the Rossiter-McLaughlin effect (Rossiter 1924; McLaughlin 1924) . Indeed, it was proposed that measuring the orbital obliquity of transiting planets provides constraints on the migration and dynamical history of those exoplanets (e.g. Winn et al. 2005; Triaud et al. 2010; Brothwell et al. 2014) .
While more than 150 transiting giant planets were already discovered and characterised with orbital periods of less than one month, the number of accurately characterised (with both measured mass and radius) transiting giant planets with orbital periods greater than one month remain rare 1 : HD80606 b (111-day period, Naef et al. 2001; Moutou et al. 2009a; Hébrard et al. 2010 ) ; CoRoT-9 b (95-day period, Deeg et al. 2010 ) ; Kepler-30 c (60-day period, Fabrycky et al. 2012) and Kepler-87 b (115-day period, Ofir et al. 2014 ).
The characterisation of new longer-period planets is therefore important to further constrain the theories of planet formation, migration, and evolution. However, because of their long orbital periods, these planets are unlikely be detected by a ground-based photometric survey. This requires a high dutycycle mission, with timespan observations of several months or years, such as CoRoT (Baglin et al. 2006) or Kepler (Borucki et al. 2009 ). Future space missions like TESS (Ricker et al. 2010) and CHEOPS (Broeg et al. 2013 ) will target bright stars, but will focus mainly on short-period planets. Only the future space mission PLATO (Rauer et al. 2013 ), expected to be launched in 2024, with observing runs of 2-3 years will be able to detect new warm giant planets orbiting bright stars. Therefore, the population of warm and cool giant planet candidates detected by Kepler is the only one known until the next decade.
Since only a few giant transiting planets are secured with a period longer than a month, in 2012 we decided to start an independent spectroscopic follow-up of Kepler candidates with the SOPHIE spectrograph (Perruchot et al. 2008; Bouchy et al. 2009b ). This follow-up aims at increasing the statistics of such population of planets by establishing and characterising new longer-period giant transiting planets. We observed all candidates reported by Batalha et al. (2013) that respect (1) an orbital period between 25 and ∼ 400 days, (2) a transit depth between 0.4% and 3%, and (3) a host star brighter than K p = 14.7. These candidates have an estimated equilibrium temperature that range between 250 K and 750 K. This sample of warm giant planet candidates completes the sample of short-period candidates transiting the brightest Kepler targets presented in Santerne et al. (2012b) . The result of this new sample will be presented in a forthcoming paper (Santerne et al., in prep.) .
In this paper, we report the fifth transiting giant exoplanet with an orbital period longer than one month, whose planetary nature has been established and whose mass has been characterised. The transiting planet candidate KOI-1257.01 has an orbital period of almost 3 months. It was first detected in photometry by the Kepler space telescope in the first four months of the mission (Borucki et al. 2011) . We used the SOPHIE spectrograph of the 1.93 m telescope at Observatoire de Haute-Provence (France) to establish its planetary nature and to measure its mass and eccentricity. We also used the new HARPS-N spectrograph mounted on the 3.6 m Telescopio Nazionale Galileo (TNG) at La Palma (Spain) in an attempt to detect its Rossiter-McLaughlin effect (Rossiter 1924; McLaughlin 1924) . This spectroscopic transit was simultaneously observed in photometry by several professional and amateur telescopes to secure the time of the transit.
In Sect. 2 we present the observations of KOI-1257 and their data reduction that we analyse in section 3. In section 4, we perform a blend analysis and statistically validate the planet. In section 5, we present the physical properties of the KOI-1257 system and perform a study of the internal structure and dynamical evolution of the planetary system in section 6.2. In section 7, we discuss this system and finally we draw the conclusion of the paper in section 8.
Observations and data reduction

Kepler observations
The target KOI-1257 was observed during the four years of the Kepler mission, from 2009 May 13 to 2013 May 11 in longcadence mode only (29.6 minutes) with a typical photometric precision of ∼ 250 ppm per cadence. The various identifiers, coordinates, and magnitudes of KOI-1257 are listed in Table  1 . Figure 1 
displays the Presearch Data Conditioning (PDC)
Kepler light curve as available from the MAST archive 2 . The photometric data present a periodic transit with a depth of nearly 1% which is characteristic of a transiting giant planet candidate. Only one transiting candidate has been found so far in this light curve. The transit analysis performed by Batalha et al. (2013) shows that the candidate KOI-1257.01 has an orbital period of ∼ 86.65 days, a transit depth of 0.7%, and a transit duration of 4.25 hours. This transit duration is relatively short for this orbital period. Indeed, if the candidate is transiting a solar twin in a circular orbit and a central transit, we might expect a transit duration of about 8 hours (according to Eq. 14 of Winn 2010) . This short transit duration can reveal either a small host star, a grazing transit, and/or an eccentric orbit.
To further analyse this system, we corrected the seventeen transits of KOI-1257.01 observed by Kepler (see Fig. 1 ) by fitting a parabola to the out-of-transit long-cadence raw data (SAP_FLUX). We removed from the analyses the 12 th transit (at BJD ∼ 2455960) which occurs a few hours after one of the data downlinks of the quarter 12 and is affected by thermal changes of the telescope. The remaining sixteen transits are displayed in Fig. 2 , phase-folded, together with the best models as described Notes. Magnitudes from: (a) the Kepler Input Catalog (Brown et al. 2011) , (b) the APASS catalogue (Henden et al. 2009 ), (c) the 2MASS catalogue (Skrutskie et al. 2006) , (d) the WISE All-Sky catalogue (Wright et al. 2010; Cutri & et al. 2012). in section 3. We did not correct the light curves from the background stellar contamination as this will be taken into account in our analysis (see section 3). Since we did not detect significant transit time variations (see section 3.9) we did not correct the times of the transits. We note that the star is photometrically quiet, no spot modulation is seen in the raw Kepler light curve.
SOPHIE spectroscopic follow-up
We performed a spectroscopic follow-up of the KOI-1257 system with the SOPHIE spectrograph (Perruchot et al. 2008; Bouchy et al. 2009b ) mounted on the 1.93m telescope at Observatoire de Haute-Provence (France). SOPHIE is a fibre-fed high-resolution stable spectrograph dedicated to high-precision radial velocity (RV) measurement. Thanks to an upgrade of the fibre paths in 2011 June, the SOPHIE spectrograph has an improved radial velocity stability over long timespan (Perruchot et al. 2011; Bouchy et al. 2013) . This allows us to explore more reliably the regime of lower mass and a longer period planets. This improved capability motivated us to follow up giant KOIs with much longer orbital periods (between one month and one year) than previously observed (Santerne et al. 2012b) . This led to the characterisation of a few new systems, such as KOI-1257, as well as several false positives (Santerne et al., in prep.) .
We obtained 28 spectra of KOI-1257 with SOPHIE 3 between 2012 August 17 and 2013 December 01. These spectra were observed with an exposure time ranging from 800s to 3600s (see Table 5 in the online material) resulting in a signalto-noise ratio (S/N) per pixel at 550nm between 5 and 22. All observations were conducted using the high efficiency mode (HE) of SOPHIE, which has a resolution of ∼ 39000 at 550nm, and the slow read-out mode of the charge-coupled device (CCD). We reduced the spectra using the online pipeline and derived the RVs by computing the weighted cross-correlation function (hereafter CCF) of the observed spectrum with a numerical mask of a G2V star as described by Baranne et al. (1996) and Pepe et al. (2002) . This mask corresponds to the same spectral type as the target. Radial velocity uncertainties were estimated as described in Bouchy et al. (2001) . From the observed CCF, we also measured the line asymmetry diagnosis V span as proposed by Boisse et al. (2011) and the full width half maximum (FWHM), for which we estimated the uncertainties as two and four times the uncertainties of the radial velocities, respectively.
Observations of faint stars such as KOI-1257 in the presence of the Moon might result in a systematic shift in the measure of the radial velocity. This effect might be strong when the spectrum of the star and that of the Sun reflected by the Moon and scattered by the atmosphere are blended (Baranne et al. 1996) . To correct this effect, we followed the procedure described in Baranne et al. (1996) and Bonomo et al. (2010) , using the second fibre of the HE mode. This fibre observes the sky scattered light simultaneously with the target star. The observations corrected from the Moon background light are flagged and their correction is given in the online table 5.
The CCD of the SOPHIE spectrograph suffers from charge transfer inefficiency (CTI) that affects radial velocities measured on spectra with different S/N ratios ). To correct this systematic effect, we followed the procedure described in Santerne et al. (2012b) . The amplitude of the CTI correction ranges between ∼ 30 m.s −1 and 140 m.s −1 .
Even if the SOPHIE upgrade improves the scrambling of the light within the fibres resulting in a better radial velocity stability, the HE mode of the spectrograph still suffers from long-term instrumental variations at the level of ∼ 10m.s −1 that are not well understood . To account for any instrumental instability of the spectrograph, our strategy was to observe each night the star HD185144 (σ Dra) which was measured to be stable at the level of a few m.s −1 by Howard et al. (2010) and Bouchy et al. (2013) . This constant star is extremely bright (V∼4.7) and close to the Kepler field of view. We corrected each radial velocity measurement of KOI-1257 by interpolating the RV variations of HD185144. Thanks to the high stability of HD185144 and the accuracy of our measurements (our mean uncertainty is below 1m.s −1 for this target) this correction does not affect significantly the uncertainties of KOI-1257, which have a median of 22m.s −1 . More details about this correction are provided in Appendix A.
Among the 28 observed spectra of KOI-1257 with SOPHIE, two of them have a low S/N (∼ 6). The first was observed with an insufficient exposure time of ∼ 800s and the second under poor weather conditions. The measurement of precise radial velocities on such spectra is difficult since several systematics might affect the data without being accounted for. For example, the accuracy of the correction of the CTI proposed by Santerne et al. (2012b) is unknown below a S/N (at 550 nm) of 10. We therefore decided to remove these two points from the analysis performed in section 3. We removed another measurement which also has a relatively low S/N (10.7) and was observed in the presence of the Moon. The real S/N from the target spectrum only is therefore lower. The impact of the Moon scattered light, estimated by computing the RV difference between the corrected and the non-corrected measurement, is of 130 m.s −1 for this observation, which is larger than the amplitude of the planet we want to detect. The remaining radial velocities we used in the analysis are displayed in Fig. 2 together with the best model described in section 3. They are listed in the online table 5. The radial velocity data clearly shows a long-term drift revealing an outer companion in the system, in addition to the transiting candidate.
HARPS-N spectroscopic follow-up
We observed the spectroscopic transit of KOI-1257 with the new HARPS-N spectrograph mounted at the 3.6 m Telescopio Nazionale Galileo (TNG) located on the island of La Palma (Spain). HARPS-N (Cosentino et al. 2012 ) is an improved copy of the HARPS spectrograph on the ESO 3.6 m telescope at La Silla Observatory (Chile). HARPS-N was commissioned in early 2012 with one of its main goals being to follow up Kepler objects of interest. HARPS-N has already characterised two transiting giant exoplanets in synergy with SOPHIE (KOI-200 b and KOI-889 b: Hébrard et al. 2013b) , as well as the transiting rocky planet Kepler-78 b (Sanchis-Ojeda et al. 2013; Pepe et al. 2013 ).
We obtained ten spectra of KOI-1257 with HARPS-N 4 on the transit night 2013 September 30 (transit epoch of BJD=2456566.45273), and three additional spectra on each night of 2013 October 8 and 2013 October 10. We used HARPS-N in its normal mode with a fast read-out mode of the CCD. Exposure times were set to 1800s which result in S/N ranging from 8.2 to 10.6 at 550nm. HARPS-N radial velocities are also affected by the CTI effect, but with an amplitude that is at least five times smaller than for SOPHIE (Lovis, private comm.) . Given the range of S/N of our HARPS-N observations and our photon noise level, this effect is negligible. Observations were reduced with the online pipeline using a G2V mask in the same way as for the SOPHIE observations. The corresponding radial velocity measurements present uncertainties ranging from 13.6 m.s −1 to 23.5 m.s −1 . They are listed in the online table 5 and are displayed in Fig. 2. 
Joint professional and amateur photometric follow-up
The analysis of the Rossiter-McLaughlin effect requires accurate times on the transit ephemeris, especially for low-S/N observations (Moutou et al. 2011; Mousis et al. 2013 ). The Kepler spacecraft was not in operation during the transit night of 2013 September 30 because of the reaction-wheel failure 4 TNG programme ID: A28DDT2 that happened in 2013 May. Therefore, we called for amateur photometric observations to detect the transit of KOI-1257.01 on 2013 September 30. Nearly 20 amateurs replied to our call, with observatories located in France, Belgium, Portugal and Morocco. We also obtained observing time on the professional OHP-T120 telescope (Moutou et al. 2009a (Moutou et al. , 2011 in the Observatoire de Haute-Provence (France) and on the IAC80 telescope (Deeg et al. 2009 ) in the Observatorio del Teide (Spain). However, because of the bad weather conditions in the South-West of Europe during the night the transit occurred, only five observatories were able to detect the relatively small transit of KOI-1257.01 (about 7mmag), in spite of the faintness of the target (V∼14.9). The list and characteristics of the professional and amateur observatories that detected the transit of KOI-1257.01 on the night 2013 September 30 are listed in the online table 2. The photometry was extracted by performing an aperture photometry relatively to the neighbour stars. The time of each exposure was then converted in Barycentric Dynamical Time (BJD TDB ), so that this set of data could be analysed simultaneously with the Kepler data. For this correction, we used the online tool 5 provided by Eastman et al. (2010) . The data are shown in the online table 7 and are displayed in Fig. 4. 
Data analysis
We performed different analyses of all the available data that we present below. First, we present in section 3.2 an analysis of the observed HARPS-N spectra to derive the stellar atmosphere parameters. Then, we performed several analyses of the Kepler transit light curves, the SOPHIE and HARPS-N radial velocities, Table 1 . The best stellar atmosphere model from the BT-SETTL library is also shown here together with the residuals. The best displayed models are those from Model C described in section 3.6. The error bars displayed in these plots were increased quadratically by the jitter value fitted in the analyses.
and the spectral energy distribution that we named models A to E as follows:
-Model A: analysis of the Kepler transit light curve alone, using the constraints from the spectral analysis (Section 3.3). -Model B: analysis of the SOPHIE and HARPS-N radial velocities alone, using the constraints from the transit ephemeris (Section 3.4). -Model C: combined analysis of the SOPHIE, and HARPS-N radial velocities (without the Rossiter-McLaughlin effect), the Kepler transit light curve and the spectral energy distribution, using the constraints from the spectral analysis (Section 3.6). -Model D: combined analysis of the SOPHIE, and HARPS-N radial velocities (without the Rossiter-McLaughlin effect) and the Kepler transit light curve, without the constraints from the spectral analysis (Section 3.6). -Model E: combined analysis of the SOPHIE, and HARPS-N radial velocities (including the Rossiter-McLaughlin effect), the Kepler transit light curve, the ground-based photometry, and the spectral energy distribution, using the constraints from the spectral analysis (Section 3.7).
Models B to E include both a Keplerian orbit and a quadratic drift to fit the SOPHIE and HARPS-N radial velocities.
The constraints on the eccentricity independently derived by Models A and B are then compared in section 3.5. Model C is a stellar-model-dependent combined analysis of the photometric and spectroscopic data while Model D is an analysis without use of stellar models which aims at independently confirming the results obtained in Model C. Model E is the analysis that accounts for all the data to constrain the orbital obliquity of the planet.
Finally, we performed another two analyses: the first one to provide some constraints on the outer companion that imprints a radial velocity drift in the SOPHIE data (Section 3.8), and the second to search for transit time variations (Section 3.9) that might be caused by this outer companion.
PASTIS Bayesian analyses
For the analyses we present in Sects. 3.3 -3.8 and 4.1 -4.4, we used the PASTIS fully-Bayesian software, which is described in detail in Díaz et al. (2014) and references therein. It uses a Markov Chain Monte Carlo (MCMC) method to sample the posterior distribution of the parameters. The posterior distribution is described as
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The complete lists of priors used for these Bayesian analyses are provided in the online tables 1 and 3 for analyses of Sects. 3 and 4, respectively. We assumed that the distribution of the errors follows a Normal distribution and we used a likelihood function L with the form
where x i and σ i represent the data point and its 63.8% uncertainty, respectively, as D:
, and µ i is the corresponding model value. By doing this, we assume here that all the measurements are independent from each other, within each dataset and between the various datasets. For most of the analyses, we ran between 20 and 40 independent chains of 10 6 iterations each, randomly started from the joint prior distribution. For the parameters that were already constrained in previous analyses, we decided to start those parameters from their median value in order to speed up the convergence burn-in of the chain. This is especially true for models C, D, and E.
We analysed the resulting chains by first rejecting all the chains that did not converge significantly to the same maximum of posterior and removed the burn-in phase of each converged chain. Then, we computed the autocorrelation function for each parameter of each chain. We evaluate the correlation length of each parameter and each chain when the value of autocorrelation function drops below 1/e. We use this correlation length to thin each chain with the maximum of correlation length among all the parameters (e.g. Tegmark et al. 2004 ). Each thinned chain is then expected to be composed of independent samples of the posterior distribution. Finally, we merged all the thinned chains together and we made sure that we had a minimum of 1000 independent samples to derive the median values of the parameters and their 68.3% confidence interval. We give these values in the online tables 2 and 4 for the analyses performed in sections 3 and 4, respectively. If this threshold of 1000 independent samples was not reached, we re-ran new chains until it was reached.
Spectral analysis
To perform the spectroscopic analysis (SpA) of the host star, the HARPS-N spectra were co-added after correcting from the velocity variation of the target and the barycentric radial velocity of the Earth. It results in a co-added spectrum with a S/N measured per element of resolution of 270 at 560nm in the continuum. We chose to carry out the spectral analysis on this spectrum because of its good quality and the much higher spectral resolution of HARPS-N (R 110 000) compared to SOPHIE (R 39 000). The spectroscopic analysis was performed using the semi-automated package VWA (e.g. Bruntt et al. 2010a ) on this co-added spectrum, normalised and with all the orders concatenated in a single master spectrum. The method, described in detail by Bruntt et al. (2010b) , consists in minimising the correlations of the Fe i abundance with both equivalent width and excitation potential to derive the atmospheric parameters : the effective temperature T eff , the surface gravity log g, and the microturbulence velocity. We checked that the surface gravity derived from the Fe i and Fe ii agrees with the estimate obtained from the pressure-sensitive lines: the Mg 1b and Ca i lines at 6122Å and 6262Å, respectively.
We obtained an effective temperature T eff of 5540 ± 90 K, a surface gravity log g of 4.30 ± 0.15 cm.s −2 , a iron abundance [Fe/H] of 0.26 ± 0.10 dex, and a sky-projected rotational velocity υ sin i of 4 ± 2 km.s −1 . We also derived a microturbulence velocity υ micro of 0.80 km.s −1 and a macroturbulence velocity υ macro of 1.7 km.s −1 . We did not detect emission features in the Ca ii H and K lines that would indicate chromospheric activity, which is compatible with the absence of photometric modulation. We also did not detect the Li i doublet at 6707Å in both the HARPS-N and SOPHIE spectra, which is consistent with an age of several Gyr and the quite slow rotation of the star.
We also derived the atmospheric properties of the observed star using the procedure described in Santos et al. (2013) and references therein. We measured the equivalent width on the coadded HARPS-N spectrum of 193 and 22 Fe i and Fe ii weak lines, respectively (Tsantaki et al. 2013) , by imposing excitation and ionisation equilibrium assuming local thermal equilibrium. We found T eff = 5528 ± 54 K, log g = 4.10 ± 0.11 cm.s −2 , [Fe/H] = 0.22 ± 0.04 dex and υ micro = 1.01 ± 0.07 km.s −1 . These results are fully compatible with those derived by VWA. We adopted the parameters derived by the VWA analysis for homogeneity with our previous results (e.g. Santerne et al. 2011a,b; Hébrard et al. 2013b; Barros et al. 2014; Deleuil et al. 2014 ).
Model A: light-curve analysis
We analysed the Kepler transit light curve of the sixteen transits that were reduced as described in section 2.1. We modelled the light curve using the EBOP code (Nelson & Davis 1972; Etzel 1981; Popper & Etzel 1981) extracted from the JKTEBOP package (Southworth 2008 ). The model is described with 23 free parameters: the orbital period P, the epoch of transit T 0 , the orbital inclination i p , the orbital eccentricity e p , the argument of periastron ω p , the radius ratio r p /R , the linear and quadratic limb darkening coefficients u a and u b (respectively), the stellar effective temperature T eff , the iron abundance [Fe/H] , and the stellar density ρ , as well as the contamination, the flux out-of-transit, and an extra source of white noise (jitter) for each of the four seasons of the Kepler data as already done in Hébrard et al. (2013b) . We used the Dartmouth evolutionary tracks (Dotter et al. 2008) to estimate the stellar parameters. We used non-informative priors (uniform and Jeffreys distributions) for the parameters, except for P and T 0 for which we used the ephemeris of Batalha et al. (2013) as Normal distribution with a width increased by 2 orders of magnitude to avoid biasing the results. For the parameters T eff , [Fe/H] , and ρ , we used as prior the results of the spectral analysis described in section 3.2 after converting the log g into ρ using the same tracks, which gives ρ = 0.33 +0.36 −0.10 ρ . The exhaustive list of free parameters and their a priori distribution is provided in the online table 1. To account for the long cadence of the Kepler data, we oversampled the light-curve model by a factor of 10 before binning them and computing the likelihood, as recommended by Kipping (2010) .
We ran 40 MCMC chains and analysed them as described in section 3.1. We derived the median values and the 68.3% confidence intervals which are given in the online table 2. We find that the transit ephemeris and the transit depth are fully compatible with the ones derived by Batalha et al. (2013) . The fitted values for the contamination are also in agreement with the expected ones provided in the MAST archive for the four seasons. We note that the analysis converged toward a high-eccentric orbit (e = 0.77±0.08) in order to explain the relatively short transit duration in spite of the long-orbital period of the planet-candidate and the low density of the star.
Model B: radial velocity analysis
We analysed the SOPHIE and HARPS-N data by modelling a Keplerian orbit with a quadratic drift component (see Fig. 2 ) using the PASTIS software. We also tested a linear drift, but this model is not able to fit the data. The model is described by two fixed parameters (P, T 0 which are set to the median values found in the Model A) and nine free parameters: e p , ω p , the systemic radial velocity γ, the radial velocity semi-amplitude K, the linear and quadratic terms d 1 and d 2 , respectively, as well as an extra source of white noise (jitter) for both SOPHIE and HARPS-N and a RV offset between the two instruments. The time reference for the drift was set to the day of 2013 September 30 (BJD = 2456566.0) where the Rossiter-McLaughlin effect was observed. All the free parameters used in the analysis and their a priori distribution are provided in the online table 1. In this model, we did not model the Rossiter-McLaughlin effect since this will be done in Model E (see Section 3.7). However, we used the HARPS-N observations obtained during the transit. Since the Rossiter-McLaughlin effect is not clearly detected (see Section 3.7), we do not expect these data to significantly bias the results.
We ran another 40 MCMC chains and analysed them as presented in section 3.1. The median values of the fitted parameters and their 68.3% confidence intervals are given in online table 2. We find in this analysis that the orbit of the transiting candidate is highly eccentric (0.72 +0.05 −0.10 ). However, low-eccentricity values and even circular orbits cannot be rejected within 99.7% of confidence based on this analysis. Because of this uncertainty on the eccentricity, the amplitude of the radial velocity is detected with a significance of only 98.6% in this model (K = 86 +20 −35 m.s −1 ).
The photoeccentric effect
The analysis described in Sects. 3.3 and 3.4 model independently the Kepler light curve on the one hand and the SOPHIE and HARPS-N radial velocities on the other hand. They both provide a constraint on the orbital eccentricity. While the eccentricity is naturally constrained by the Keplerian solution in the radial velocities (model B), the eccentricity is constrained in model A thanks to the prior on the stellar density (ρ = 0.33
−0.10 ρ ), derived by the spectral analysis, through the transit duration assuming the third law of Kepler and the orbital period. The low density of the host star cannot explain the relatively short transit duration of KOI-1257.01 already noticed in section 2.1. Since the impact parameter found is small (b = 0.11 ± 0.11), a grazing transit cannot explain the short transit duration either. Therefore, the orbit needs to have a high eccentricity in order to explain the observed transit. This effect was presented by Ford et al. (2008) . It was named "the photoeccentric effect" and was illustrated in and . In Fig.  3 , we superimposed the posterior distribution of the orbital eccentricity as a function of the argument of periastron derived by both the analysis of the light curve only (model A) and of the radial velocity data only (model B). The two distributions are fully compatible with each other and both confirm that the orbit of KOI-1257.01 is highly eccentric. We also show in Fig. 3 In this section we analyse simultaneously the Kepler transit light curve as in Model A, the SOPHIE and HARPS-N radial velocities as in Model B, and the spectral energy distribution (SED). The bandpasses, magnitudes and their uncertainties are given in Table 1 . We modelled the SED using the PHOENIX/BT-SETTL synthetic spectral library (Allard et al. 2012) . The model uses the 30 free parameters already described in sections 3.3 and 3.4 and three new free parameters relative to the fit of the SED: the distance of the system from the Earth D, the interstellar extinction E(B−V), and an extra source of white noise (jitter) for the observed magnitudes. We chose an non-informative prior for those new parameters (see Table 1 , online, for the list of free parameters and their prior distribution). As for model B, we did not model the Rossiter-McLaughlin effect in this analysis, but we used the HARPS-N observations obtained during the transit.
We ran 20 new MCMC chains and analysed them following the description presented in section 3.1. We show in Fig. 2 the phase-folded Kepler transit light curve, the time series and phase-folded SOPHIE and HARPS-N data, and the SED of KOI-1257 together with the best-fit model and its residuals. We derived the median and 63.8% confidence intervals for the parameters that we present in the online table 2. All parameters are compatible within 63.8% with the parameters derived independently in models A and B. The derived uncertainties on the parameters are all equivalent to or smaller than the ones for the independent analysis. We note that the fitted value of the interstellar extinction E(B−V) = 0.16 ± 0.04 is fully compatible with the expected value of 0.175 for the coordinates and the distance of KOI-1257 from the Galactic three-dimensional extinction model of Amôres & Lépine (2005) . The fitted values of the limb-darkening coefficients (u a = 0.57 ± 0.07, u b = 0.00 ± 0.17) are compatible with those expected for the KOI-1257 host star and the Kepler bandpass from Claret & Bloemen (2011) : u a t = 0.463 ± 0.022, u b t = 0.230 ± 0.013.
As shown in Section 3.5, low-eccentric orbits are rejected by the transit light curve while this is not the case from the analysis of the radial velocity alone (see Section 3.4). By combining the radial velocities and the transit light curve, the degeneracy between the eccentricity and the radial velocity amplitude is lifted. In this combined analysis, the radial velocity amplitude (K = 94 ± 21 m.s −1 ) is detected with a confidence of 99.9992%.
To test the dependence of our results on the stellar evolution tracks, we performed a combined analysis of both the Kepler transit light curves and the SOPHIE and HARPS-N velocimetry. However, in comparison with Model C, in this analysis (hereafter Model D), we did not model the SED and we used the system scale parameter a/R to model the transit instead of the stellar density ρ . We chose an non-informative prior for a/R (see Table 1 , online) and ran another 20 chains randomly started from the uniform distribution for a/R and from the median values found in Model C for the other parameters. We analysed the chains as already described in section 3.1 and we derived the median values and their 63.8% confidence intervals that we give in the online table 2. All the parameters derived in Model D are compatible within 63.8% with the ones derived in Model C. We estimated the stellar density using the third law of Kepler, the fitted system scale a/R and the fitted orbital period and find a value of ρ /ρ = 0.70 ± 0.37 which fully agrees within 68.3% with the one derived by the spectral analysis and the models A and C.
Model E: analysis of the Rossiter-McLaughlin effect
We repeated the analysis performed in Model C, this time including the model of the Rossiter-McLaughlin effect (Rossiter 1924; McLaughlin 1924 ) and the ground-based photometric observations obtained simultaneously with the HARPS-N data (see section 2.4). We modelled the Rossiter-McLaughlin effect using the Arome code as implemented into the PASTIS software 6 . Compared with Model C, here we added two free parameters: (1) the sky-projected spin-orbit angle λ for which we used an non-informative prior and (2) the sky-projected stellar equatorial velocity υ sin i for which we used a Normal prior to account for the spectral analysis constraints. We also added 15 new free parameters related to the five new light curves modelled here: the contamination, the flux out-of-transit, and the extra source of white noise (jitter), all with large and non-informative priors. This leads to a total of 50 free parameters for this analysis (see Table 1 , online).
To account for the relatively long exposure time (1800s) of the HARPS-N data compared with the transit duration, which should smooth down the amplitude of the Rossiter-McLaughlin effect, we oversampled the model of HARPS-N observations by 6 We correct the typo that occurs in Eq. 42 of Boué et al. (2013) . The equation is as follows: (Boué, private communication) . This typo is however not present in the public code of Arome available at http://www. astro.up.pt/resources/arome/. a factor of 10, as for the Kepler long-cadence data. By doing so, we ensure that the amplitude of the Rossiter-McLaughlin effect is correctly driven by the υ sin i of the star and not affected by the long exposure time. Not oversampling the RossiterMcLaughlin effect model might lead to a biased solution, as is the case for the modelling of the transit light curve (Kipping 2010) . However, the present data are not accurate enough for this effect to significantly affect the result.
We ran another 20 MCMC chains. We analysed the chains as previously and we derived the median values and the 68.3% confidence intervals of the parameters that we give in the online table 2. The posterior distribution of the spin-orbit angle shows a bi-Normal distribution with nearly symmetric values of λ = -76 ± 42
• and λ = 71 ± 47
• . The absolute value of the spin-orbit angle |λ| therefore has a value of 74 +32 −46
• . Figure 4 displays the five ground-based transit light curves superimposed with their best model. The sixteen transits observed by Kepler are shifted in time for comparison. In this figure, the HARPS-N data obtained during the transit night of 2013 September 30 are displayed with the two median-fit models of the Rossiter-McLaughlin effect that correspond to λ = -76
• and λ = 71
• . The aligned model of the Rossiter-McLaughlin effect (with λ = 0
• ) is also displayed for comparison. Figure 5 shows the 68.3%, 95.5%, and 99.7% confidence intervals of the posterior distribution of the absolute value of spin-orbit angle as a function of the stellar rotation velocity. Since the Rossiter-McLaughlin effect is not clearly detected, the obliquity of the planet is poorly constrained. The maximum of likelihood indicates a nearly polar orbit for the planet, but an orbit aligned with the stellar spin cannot be rejected from the current data. These nearly polar-orbit solutions might be explained by the absence of clear variation during the Rossiter-McLaughlin effect and a central transit, as in the case of HAT-P-32 (Albrecht et al. 2012) . The deduced impact parameter of the transit of KOI-1257.01 is b = 0.11 ± 0.11, hence compatible with a central transit, which explains those obliquity constraints. 
Constraints on the outer companion
We repeated the analysis of the radial velocities described in section 3.4 (Model B), but instead of fitting a quadratic drift, we fitted a second, outer companion assuming a circular orbit. The choice of this circular orbit is counterintuitive given the range of orbital periods considered for this outer companion (longer than a few hundred days). However, since only a small fraction of its orbit has been observed so far, it is not possible to constrain the eccentricity and the argument of periastron. Future follow-up observations of this target will permit the orbital solution of this companion to be improved. We assumed here non-informative priors on the periastron epoch (uniform prior), orbital period (Jeffreys prior), and the radial velocity semi-amplitude (Jeffreys prior) of the outer companion.
We ran 40 MCMC chains for this analysis. From their analysis (see section 3.1), we computed the minimum mass for this outer companion. We show in Fig. 6 the 68.3%, 95.5%, and 99.7% confidence intervals of the posterior distribution of the companion minimum mass as function of its orbital period. The quadratic drift observed in the radial velocity data is compatible with a circular, massive outer planet, but a brown dwarf and a star cannot be rejected from this analysis. The reason of the upperlimit constraint in mass of this outer companion is discussed in Appendix B. . 6 . Posterior distribution of the second companion minimum mass as a function of its orbital period, assuming a circular orbit. The three regions represent the 68.3%, 95.5%, and 99.7% confidence intervals from the MCMC analysis (from dark to light grey). The dashed line indicates the planet -brown dwarf limit as suggested by Schneider et al. (2011) . The solid line indicates the hydrogen-burning limit.
Search for transit time variations
To derive the transit times of KOI-1257.01 that might be induced by the outer companion, we cut the Kepler light curve into chunks centred on each transit. We then repeated the analysis done in section 3.3 (Model A) but on the individual transits. We fixed all the parameters to the best-fit values found in model C (see section 3.6) following the recommendation of Oshagh et al. (2013) and Barros et al. (2013) , except for T 0 , the contamination, the flux out-of-transit, and the jitter value. We used non-informative priors for each of these four parameters. We also analysed together the five transit light curves that were obtained from the ground on the night 2013 September 30 (see section 2.4). We modelled these five transits simultaneously allowing only the time of transit, the contamination, the flux out-of-transit, and the jitter for each light curve to vary. We ran one chain for each of the seventeen light curves (sixteen from Kepler and one from the ground) and analysed them as before. The derived transit times are displayed in Fig. 7 and listed in Table 3 . The transit times are compatible with a linear ephemeris, as already reported by Ford et al. (2011) and Mazeh et al. (2013) . Our uncertainties are, however, slightly larger than those derived by Mazeh et al. (2013) . 
PASTIS validation
Even if the quadratic drift observed in the SOPHIE data is compatible with a circular, coplanar, massive planet (see section 3.8), the likelihood of this scenario is smaller that of having a brown dwarf or another star in the system, which might be coplanar or not with KOI-1257.01. If this hypothetical second star in the system is bright enough, it would significantly affect the spectral parameters of the host star. It would also dilute both the transit depth, the radial velocity amplitude, and the amplitude of the Rossiter-McLaughlin effect. Therefore, the derived parameters of the system would be affected. Moreover, if there is an unresolved star in the system, it is not clear on which star the transit occurs. We can therefore assume the four following scenarios to describe this system.
-Scenario 0 -the system KOI-1257 is composed of a primary star with two substellar objects: the transiting planet KOI-1257 b and the outer companion KOI-1257 c. -Scenario 1 -the candidate KOI-1257.01 is a planet transiting the main star of a binary system: KOI-1257 Ab. -Scenario 2 -the candidate KOI-1257.01 is a planet transiting the secondary star of a binary system: KOI-1257 Bb. -Scenario 3 -the candidate KOI-1257.01 is a third, low-mass star eclipsing the secondary star of a binary system: KOI-1257 C.
A fifth scenario can be imagined which is a low-mass star eclipsing the main star of the system. This system would, however, produce a large radial velocity variation, which was not observed by SOPHIE. We also rejected the background eclipsing binary and background transiting planet scenarios. Indeed, such background systems need to have nearly the same systemic radial velocity as KOI-1257 to reproduce the radial velocity variations observed by SOPHIE. It is therefore extremely unlikely to have a foreground binary system blended with a background eclipsing binary or transiting planet which have nearly the same systemic radial velocity. Scenarios 0 to 3 can, in principle, be constrained thanks to the high precision of the Kepler transit light curve alone . This is especially true for scenarios 2 and 3 for which the stellar density constrained from the light curve is expected to be different from the one derived by the spectral analysis, except in the particular case of two stars with similar masses and density. However, if the system is composed of a circular planet (KOI-1257 Bb) transiting a low-mass secondary star, it might mimic the same stellar density as constrained by the light curve as an eccentric planet transiting a larger primary star. Thus, to improve the constraints on the system, we used both the Kepler transit light curve, the SOPHIE data and the spectral energy distribution. If the system is composed of two unresolved stars, the observed CCF should present either variation of the bisector or of the CCF width, or both. We did not use here the HARPS-N data because (1) the time span of the observations is short (10 days) compared with the orbital period of the outer companion (more than 1000 days), (2) the parameters of the CCF have not yet been calibrated, and (3) we are not yet able to model the Rossiter-McLaughlin effect of a planet in a blended binary star system.
The radial velocity, bisector, and FWHM observed by SOPHIE are displayed in Fig. 8 . In this plot, one can see that the FWHM present a drift in time with an amplitude similar to the radial velocity drift (i.e. about half a km.s −1 in one year). However, the bisector does not show any clear drift with an amplitude larger than about 100m.s −1 . For this analysis, we used the PASTIS software . The modelling of the SOPHIE CCF using the PASTIS software is described in Santerne et al. (in prep.) . It consists in estimating the parameters of the CCF using the equations (B. (2010), assuming a (B−V) computed from the stellar atmosphere models and the stellar evolution tracks and a [Fe/H] drawn from the prior distribution. The CCF of the various stellar objects are then blended together and normalised after accounting for the relative luminosity of each object in the Johnson-V band. The expected radial velocity, FWHM and bisector are then fitted to the total CCF as is done in the SOPHIE pipeline. The modelling of the SOPHIE CCF is quite expensive in terms of CPU computation. For example, each MCMC chain computed in this section took between two and three weeks (except for those of scenario 0) on the multi-CPU cluster at the Laboratoire d'Astrophysique de Marseille. Since the radial velocity products are measured on the same CCF, they might not be independent. However, to simplify the computation of the global likelihood, we assumed these three datasets to be independent from each other. We assumed that this non-independence of the dataset is a second-order effect and that it does not change significantly the results and the conclusions.
Bisector analyses were first used in Santos et al. (2002) to resolve a brown dwarf companion in an unresolved binary mimicking a radial velocity giant planet. Bisector analyses were also used in radial velocity detections to detect nearly face-on binaries by Díaz et al. (2012, using a preliminary version of the PASTIS tool) and Wright et al. (2013) . Finally, Ollivier et al. (2012) modelled the HARPS CCF together with the CoRoT light curve and the SED to validate the detection of the transiting planet CoRoT-16 b. However, this is the first time that we have modelled both the bisector and the FWHM together with the radial velocities, the transit light curve, and the spectral energy distribution to resolve a potential blended system.
Scenario 0: KOI-1257 is a multi-substellar objects system
Scenario 0 was deeply explored in section 3 and section 3.8 for the outer companion. We repeated the analysis performed in model C without the HARPS-N data but with the SOPHIE diagnosis (bisector and FWHM). Since the outer companion is a substellar object in this scenario, it should not produce a variation of the observed bisector, nor of the FWHM. We therefore modelled the bisector V span and FWHM as constant with time. An offset for the bisector was fitted in order to account for unmodelled line asymmetry such as the convective blue shift (assumed to be constant with time at this precision). The list of parameters that describe the models of this scenario is given in the online table 3, together with the prior distributions used in this analysis. The best model found by a MCMC procedure of 20 chains of 10 6 iterations each is displayed in Fig. 8 . Median values and their uncertainties are given in the online table 4. As shown in Section 3, this scenario is able to reproduce appropriately the Kepler transits, the SOPHIE radial velocities, and the spectral energy distribution. However, this scenario is not expected to produce a drift in the FWHM. To illustrate this, we computed a weighted RMS (without accounting for the jitter) of the residuals from the best model (wRMS) of each dataset and found a wRMS of 39 m.s −1 for the radial velocities, a wRMS of 70 m.s −1 for the bisector, a wRMS of 161 m.s −1 for the FWHM. We note that these wRMS support our choice of uncertainty for the bisector and the FWHM mentioned in section 2.2: the bisector and the FWHM have a wRMS of about twice and four times, respectively, the wRMS of the radial velocities. The wRMS of the four Kepler seasons is of 302 ppm, and the wRMS of the spectral energy distribution is 128 mmag. All these wRMS are given in Table 4 , together with the mean uncertainty of the different datasets.
Scenario 1: KOI-1257.01 is KOI-1257 Ab
We simulated a planet orbiting the main component of an unresolved binary star system. The model is described by the following free parameters.
-Primary star: effective temperature T eff , iron abundance [Fe/H], surface gravity log g, and equatorial velocity υ sin i 1 . -Planet: mass m p , radius r p , orbital period P in , transit epoch T 0 , eccentricity e in , argument of periastron ω in , and orbital inclination i in . -Secondary star: initial mass m init 2 and equatorial velocity υ sin i 2 . -Binary: orbital period P out , periastron epoch T p , eccentricity e out , argument of periastron ω out , and inclination i out .
We assumed here that both stars have the same age and the same metallicity. In comparison with 3.8, here we allow the eccentricity and the argument of periastron of the outer orbit to vary. Even if the data do not constrain these parameters well, they are accounted for in the error budget. We set as free parameters the background contamination, the out-of-transit flux, and the jitter of each of the four Kepler transit light curves. We attributed jitter values to the radial velocity, bisector, and FWHM that were fitted in the analysis. Finally, the model also assumes an offset value for the bisector to account for constant line-profile asymmetry that is not modelled, such as the convective blue shift. This results in a total of 38 free parameters. For the parameters of the primary star, we used as prior the result from the stellar analysis assuming that the secondary star does not affect significantly the results. For the parameters of the planet, the secondary star and the binary orbit, we assumed non-informative priors, allowing us to explore a mass domain up to 90 M for the planet and down to 0.1 M for the secondary star. The exhaustive list of parameters and prior distributions used in this analysis is provided in the online table 3.
As previously, we use the Dartmouth stellar evolution tracks of Dotter et al. (2008) and the BT-SETTL stellar atmosphere models of Allard et al. (2012) to model both stars within the PASTIS software Santerne et al., 2014, in prep.) . For the limb darkening coefficients, we used the values of Claret & Bloemen (2011) . The radial velocity data were fitted using Keplerian orbits, neglecting the dynamical interactions between them. Finally, we constrained the secondary star to be less bright than the primary star. We ran 20 MCMC chains and analysed them as described in section 3.1. From this posterior distribution, we derived the 68.3% confidence interval of the 38 free parameters that are listed in the online table 4.
Thanks to the constraints provided by the SOPHIE FWHM and bisector, the MCMC converged toward a secondary star with a mass of 0.70 ± 0.07 M . This secondary star orbits in the system with an inclination of 18.2
• and a period of 3430 ± 1200 days. This uncertainty is only the statistical uncertainty and does not include the stellar models errors. This secondary star contributes to only 8.9% of the total flux of the system (in the V band). If this second star is real, it would not affect significantly the spectral analysis (see in section 5.1). The Kepler transit light curve, the SOPHIE radial velocities and bisector are slightly better fitted by this scenario, compared with scenario 0 (see the wRMS in Table 4 ). However, the spectral energy distribution is slightly worse fitted (the wRMS is 142 mmag) by considering a stellar companion of ∼ 0.7 M , but this turns out to be not significant (see section 4.5). However, this scenario better fits the SOPHIE FWHM, compared with scenario 0 as one can see in Fig. 8 . The corresponding wRMS is 113 m.s −1 .
Scenario 2: KOI-1257.01 is KOI-1257 Bb
We simulated scenario 2 in the same way as scenario 1, but assuming that a planet is transiting the secondary (fainter) star of the system. The parameters and their respective prior distributions are listed in the online Table 3 . We give in the online table 4 the median values and their uncertainties on the parameters that describe this scenario, based on a 20-chain posterior distribution. The best-fit model of scenario 2 is displayed in Fig. 8 .
This scenario is able to reproduce the Kepler transit light curve almost equally well as the two previous scenarios because the fit converged toward a secondary star with a mass of 1.00 ± 0.05 M i.e. similar to the primary mass. Once again, this uncertainty on the mass of the secondary star does not account for the stellar models uncertainties. The wRMS of the Kepler data is 303 ppm, which is close to the previous scenarios. Therefore, both components of this binary have similar density, producing similar transit shapes and durations. With two similar stars, the spectral energy distribution is better fitted (the wRMS is 136 mmag) than with the two different stars of scenario 1 but slightly worse fitted than assuming the single star of scenario 0. In this scenario, the system has a distance of nearly twice that found in scenario 0. The SOPHIE FWHM are slightly better fitted (wRMS of 109 m.s −1 ) by this scenario than in the case of scenarios 0 and 1. However, the SOPHIE radial velocities and bisector are slightly worse fitted in this case (see Fig. 8 With two blended stars of similar brightness, the only possibility to observe no bisector variation is when the stars have a similar FWHM, thus, in that case, a similar υ sin i (Santerne et al., in prep ; see also the Figs 3 and 12 of Díaz et al. 2012 , which show a blind zone for secondary stars with a FWHM similar to the target one). The υ sin i of the primary star is constrained thanks to the median value of the observed FWHM. The υ sin i of the secondary star is constrained by the amplitude of the bisector variation. This explains why we derive a relatively small uncertainty on the υ sin i 2 as well as m init 2 (about 5%). All the other parameters have uncertainties at the same level as for scenario 1.
This scenario reproduces the observed data almost equally well as scenario 1. However, scenario 1 and 2 do not converge toward the same physical parameters for the planet (see Table 4 , online): a mass of 1.45 ± 0.35 M (scenario 1) or 3.92 ± 0.88 M (scenario 2) and a radius of 0.94 ± 0.12 R (scenario 1) or 1.56 ± 0.13 R (scenario 2). The statistical comparison between these two scenarios and the estimation of their respective probability are presented in section 4.5.
Scenario 3: KOI-1257.01 is KOI-1257 C
Scenario 3 was simulated as for scenario 2, but the transiting planet was replaced by a third star that eclipse the secondary star of the system. The system is therefore described with the following parameters.
-Primary star: effective temperature T eff , iron abundance [Fe/H], surface gravity log g, and equatorial velocity υ sin i 1 . -Secondary star: initial mass m init 2 and equatorial velocity υ sin i 2 . -Tertiary star: initial mass m init 3 and equatorial velocity υ sin i 3 . -inner orbit: orbital period P in , transit epoch T 0 , eccentricity e in , argument of periastron ω in , and orbital inclination i in . -outer orbit: orbital period P out , periastron epoch T p , eccentricity e out , argument of periastron ω out , and inclination i out .
The parameters and their respective prior distributions are listed in the online table 3. We ran 20 chains and we list in the online table 4 the median values and 68.3% confidence intervals of the parameters. We display in Fig. 8 the best-fit model of the SOPHIE data. This scenario of a triple stellar system is able to reproduce the observed radial velocities only if the secondary star is a fast rotator. Indeed, the large radial velocity variation of the inner-binary would be more easily diluted because the main contaminating star is rotating fast (its observed line contrast being much lower than the target star contrast). However, such a fast-rotating secondary star would have produced relatively large FWHM variations, which are incompatible with the data. This scenario is therefore not able to reproduce the observed FWHM. The resulting wRMS is as large as 319 m.s −1 , which excludes this model. The radial velocities are also worse fitted with a wRMS of 51 m.s −1 . Surprisingly, the bisector is better fitted than the other scenarios, with a wRMS of 65 m.s −1 , but this might be explained by a relatively sparse sampling near the periastron. The wRMS of the spectral energy distribution is 139 mmag, which is better than scenario 1, but worse than scenarios 0 and 2. The wRMS of the Kepler data is of 303 ppm, and thus similar to the other scenarios.
We note that our CCF model assumed a Gaussian profile for the stellar line. In the present scenario, it would be more rigorous to model the line of the main contaminant by a rotation profile convolved by the SOPHIE instrumental resolution as done in Santerne et al. (2012a) . We assumed, however, that this approximation does not change significantly the result of this analysis. We analysed in Sects. 4.1, 4.2, 4.3, and 4.4 the same dataset considering four different scenarios. To quantify which scenario is best supported by the data, we computed for each pair of scenarios the odds ratio O i j between the scenarios i and j, as defined in the Bayesian statistics.
where P (S i | D, I) is the probability of the scenario S i given the data D and the information I. The symbol π represents the a priori information and θ i is the parameter space which described the models of scenario S i .
The first term of equation 5 is called the prior ratio. It represents the a priori probability that a given scenario occurs. In the case studied here, we want to compare four scenarios of triple systems. Even if these scenarios have a different number of stars and planets, hence different a priori probabilities to occur (Raghavan et al. 2010; Tokovinin 2014a,b) , it is not straightforward to estimate those probabilities outside the solar neighbourhood. The statistics based on observations for scenarios 1 and 2 are indeed poor. We therefore assumed that the difference of a priori probabilities between the various scenarios is relatively small and that π(S i | I) / π(S j | I) ∼ 1 for all pairs of scenarios.
The second term of equation 5 is the Bayes factor. It can be computed by marginalising the posterior distribution over all the parameters. Since our models have a relatively high number of free parameters, computing numerically this Bayes factor is quite challenging (see e.g. the discussion in Feroz & Hobson 2014) . To estimate the Bayes factor, we used the truncated posterior mixture (TPM) as defined by Tuomi & Jones (2012) . This estimator of the evidence has some limitations that are presented in Tuomi & Jones (2012) and discussed in Díaz et al. (2014) . However, since the four scenarios we are testing here have nearly the same number of free parameters, we assume that these limitations do not significantly affect our results.
The probability distribution of the odds ratios, computed for scenario 1 against all other scenarios is displayed in Fig.  9 (upper panel) and given in Table 5 . There is strong to very strong evidence (as defined by Kass & Raftery 1995 , for an odds ratio greater than 150), or decisive evidence (as defined by Jeffreys 1961, for an odds ratio greater than 100) for scenario 1 compared with scenarios 0, 2 and 3. Scenario 3 is clearly rejected in favour of scenario 1 (see Fig. 9 and Table 5 ). This can easily be explained by the fact that scenario 3 cannot reproduce the observed FHWM. Scenario 2 is also much less supported by the data than scenario 1 (see Fig. 9 and Table  5 ). This might be surprising since scenario 2 explains all the data quite well. However, to reproduce the data, especially the transit light curve and the bisector, scenario 2 needs to be fine-tuned, as illustrated by the uncertainty on the secondary stellar mass (nearly 5%) or the secondary υ sin i 2 (nearly 6%). These statistical uncertainties are indeed small for an unresolved star. Since scenario 2 needs a fine-tuning of the parameters to reproduce the data, it is therefore less likely than scenario 1 which requires much less fine-tuning. Scenario 2 is therefore penalised by the Occam's razor, as explained in section 3.5 of Gregory (2005) . Finally, scenario 0 does not reproduce the observed drift in the FWHM and it is therefore less likely than scenario 1 which does reproduce this drift (see Fig. 9 and Table 5 ). Moreover, we expect the odds ratio between these two scenarios to significantly increase as more SOPHIE data are obtained with a longer timespan, by increasing the significance, or not, of the FWHM variation.
The lower panel of figure 9 shows the probability of each scenario, assuming that
This is not the case, as we discussed in the introduction of section 4, but we assume that those untested scenarios are significantly rejected, and thus negligible. The table 5 (lower part) gives the mode and the 63.8% uncertainty on the probability of scenarios 0, 1, 2, and 3. Scenario 1 is clearly the most likely scenario, with a probability of 98.7
+1.2 −13.3 %, much more supported by the data than the other scenarios (see Table 5 ). The transiting candidate Article number, page 13 of 39 A&A proofs: manuscript no. KOI1257_accepted_vLE-arXiv detected by Kepler is therefore validated as a planet transiting the primary star of a binary system. We therefore rename the transiting planet candidate KOI-1257.01 as the bona fide planet KOI-1257 b in the rest of the paper. Table 5 . Top: common logarithm of the odds ratios between the scenario pairs. We show only half of the table since O i j = 1/O ji . Bottom: absolute probability of the four scenarios, assuming no other scenario can reproduce the data (eq. 6). Odds ratio of scenario 1 against scenarios 0, 2, and 3. The grey regions indicate the "not worth more than a bare mention", "positive", and "strong" evidence as defined by Kass & Raftery (1995) . The white region corresponds to "very strong" evidence for one model against the other one. Lower panel: Probability of each of the four scenarios considered. We assume here that the other, untested scenarios are not significant (see section 4).
Frequentist and other Bayesian model-comparison methods
The analyses performed here are based on a total of 1439 data points (1354 from Kepler, 10 from the spectral energy distribution, and 25 from each of the SOPHIE RV, bisector, and FWHM). For each scenario, we find a reduced χ 2 of χ
= 1.43 and χ 2 S 3 = 1.60. We can therefore compute an F-test, assuming the errors are perfectly normally distributed. We find that F 1/0 = 0.98 has a p-value of 66.8%, F 1/2 = 0.98 with a p-value of 65.5% and finally F 1/3 = 0.87 with a p-value of 99.4%. Therefore, this test does not allow us to conclude that scenario 0, 1, and 2 have a significantly different variance, but it shows that the variances of scenarios 1 and 3 are significantly different, with a probability of 0.6% of being similar.
One can also compute the Bayesian information criterion (BIC) 7 and the Akaike information criterion (AIC) 8 for the four scenarios from the likelihood of the best models. We find ∆BIC 1/0 = 6.14 while ∆AIC 1/0 = −9.67. This means that the BIC supports 9 strong evidence of scenario 0, while the AIC supports strong evidence for scenario 1. Scenarios 2 and 3 are clearly rejected against scenario 1 by both criteria which give the same results: ∆BIC 1/2 = ∆AIC 1/2 = −20.23 and ∆BIC 1/3 = ∆AIC 1/3 = −67.44. For the comparison between scenario 1 and scenarios 2 and 3, the BIC and the AIC result in the same values because those scenarios have the same number of degrees of freedom. In that case, the value of the BIC and AIC is only based on the difference of L max . Those tests are therefore able to reject scenario 2 and 3, but they either support scenario 0 or scenario 1 depending on the criterion used.
As already discussed in Díaz et al. (2014) , the frequentist and Bayesian criteria only use the information contained in the bestfit model, either the minimum of the χ 2 or the maximum of the likelihood L max . These criteria therefore do not take into account the uncertainties on the model parameters which are included in the posterior distribution. In the model comparison we performed in section 4.5, we estimated the probability of each scenario by marginalising the posterior distribution. By doing that, we took into account not only the best model, but also the entire distribution of the parameters that describes the data. Therefore, the odds ratios presented in section 4.5 are more robust than the ones presented here.
Caveats
The Bayesian analysis and the estimation of the probability scenarios performed in this section are based on several hypotheses which might affect the result and conclusions. We discuss the impact of those hypothesis on the results below.
The a priori probability of each scenario was set to be equal because of a lack of information about the relative occurrence rate of those scenarios. If one assumes that actually the a priori probability of the scenarios decreases with the increasing number of stars in the system, scenario 0 would have a higher a priori probability compared with scenario 1. This assumption would counterbalance the Bayes factor which favours scenario 1. This would decrease the significance of scenario 1, and could even provide a higher probability to scenario 0.
The analyses used the Dartmouth stellar tracks (Dotter et al. 2008) , the BT-SETTL stellar atmosphere models (Allard et al. 2012) , as well as the SOPHIE CCF calibration from Boisse et al. (2010) . The systematic errors from these models are not taken into account in the global error budget. This results in an overestimation of the penalisation of the scenarios through Occam's razor. Because scenario 1 relies more on the stellar models, accounting for such systematic errors in the odds ratio computation would therefore increase the relative probability of scenario 1 against scenario 0.
We assumed that no other scenario can explain the data (see eq. 6). Accounting for other scenarios would decrease the probability of scenario 1.
Models that are dynamically unstable are not self-penalised in the analyses (see discussion in section 6.2) ; those for which the transiting companion would present significant TTVs variations are also not penalised. However, it is not clear to us which scenarios would be more affected by this effect and how it would change the relative probability of the scenarios.
The best models of scenarios 0, 1, and 2 fit almost equally well all the data (see section 4.6). The differences found in the evidence therefore come from Occam's razor when computing the evidence. However, this is related to the size of the joint prior distribution. If one scenario has priors that are too narrow or too wide compared with other scenarios, it will be too favoured or too penalised, respectively. In the analyses performed here, we chose exactly the same prior distribution for all the parameters that are common in the four scenarios (see Table 3 , online). By doing this, any of the scenarios is incorrectly penalised by Occam's razor when computing the odds ratio, at least for the parameters in common. Only a few parameters are not common to all the scenarios, and therefore limit the impact of this effect. Scenario 0 has fewer free parameters (35) than scenario 1 (38) and thus should be less penalised by Occam's razor than scenario 1. The fact that scenario 1 turns out to be the most likely scenario means that the data actually support this scenario more reliably in such a way that it balances the penalisation of its wider parameter space.
To test the dependance of our results on the choice of priors of the unshared parameters, we reran the analysis of scenario 0 as described in section 4.1 but with different priors. We decreased the size of the priors for the following parameters: the linear and quadratic term of the radial velocity drift (the uniform prior size was decreased by a factor of 100 and 1000, respectively), the radial velocity semi-amplitude, and the radius ratio (the upper limit of both Jeffreys priors was decreased by a factor of 5). However, we increased the size of the prior on the systemic radial velocity for scenario 0 to correspond to the one chosen for scenarios 1, 2, and 3 (see Table 3 , online). The result is that the probability of scenario 1 slightly, but non-significantly, increases to a value of 99.98 +0.02 −0.23 %, while the probability of scenario 0 decreases to a value of 0.020 +0.400 −0.016 %, which is the same level as the probability of scenario 2. This test therefore shows that our results do not depend significantly on the choice of priors for the unshared parameters.
The probabilities of the various scenarios strongly depend on the method used to estimate the evidence. In this work, we used the TPM evidence estimator proposed by Tuomi & Jones (2012) . This choice is driven by the fact that it is easy to compute from the result of a MCMC analysis. However, as noticed by Tuomi & Jones (2012) in section 5 of their paper (see also their Table 4), the TPM estimator overestimates the Bayes factor (not penalising the scenario with the widest parameter space as it should) compared with a direct numerical integration of the posterior distribution. The authors present this overestimation as a strength of the TPM in detecting weak signals. This might also be seen as a higher sensitivity of the TPM estimator to false positives: see for example the discussions of the number of planets in the GJ667C system (Delfosse et al. 2013; Anglada-Escudé et al. 2013; Feroz & Hobson 2014) , and the HD41248 system (Jenkins et al. 2013; Santos et al. 2014) . As a conclusion, using the TPM method might overestimate the actual odds ratios, leading to an overestimation of the relative probability of scenario 1 against the other scenarios. However, our scenarios have nearly the same number of free parameters and most of them have the same priors in the various scenarios. This should limit the impact of the overestimation of the evidence estimation from the TPM method.
In this section, we want to point out that the derived probability of scenario 1 might be slightly under-or overestimated by several aforementioned effects. One can also note that the median value of its probability (98.7%) corresponds to a marginal detection, being slightly smaller than the widely assumed 3σ-detection threshold which corresponds to a probability of 99.7% (equivalent to an odds ratio of 370). The presence of this binary star thus needs to be independently confirmed (see discussion in section 7.1). However, even considering the limitations discussed here, scenarios 2 and 3 seems to be significantly rejected. The scepticism resides only between scenario 0 and 1, which have no significant impact on the nature of the candidate and the derived physical properties of the transiting planet.
Physical properties of the system
We presented in section 3 a careful and in-depth analysis of the photometric and spectroscopic data of the KOI-1257 system. The planet in the KOI-1257 system has an orbital period of 86.647661 d ± 3 s. It has a highly eccentric orbit of 0.772 ± 0.045. This high eccentricity is supported by both the Kepler light curve assuming a prior on the stellar density and the SOPHIE radial velocities as illustrated in Fig. 3 . The HARPS-N spectroscopic measurements obtained during a transit do not allow a clear detection of the Rossiter-McLaughlin anomaly and do not provide strong constraints on the orbital obliquity of the planet. The SOPHIE radial velocities present a significant quadratic drift that reveals the presence of an outer companion in this system. We presented in section 4 a detailed analysis of four scenarios to explain the nature of the quadratic drift observed by SOPHIE. By performing a Bayesian model comparison, we found that the KOI-1257 system is a nearly face-on binary system with an orbital inclination of 18.2 +18.0 −5.5 degrees, with regard to the line of sight. It has an orbital period within the range 1030 -5830 days at the 99% level. This binary is composed of two main-sequence stars with respective masses of M 1 = 0.99 ± 0.05 M and M 2 = 0.70 ± 0.07 M . However, a low-mass secondary star (down to 0.1 M ) is not excluded within 99% of confidence. Both stars are assumed to have the same metallicity of +0.27 ± 0.09 dex. They have an orbital separation of 5.3 ± 1.3 AU. The system has an age of 9.3 ± 3.0 Gyr and is located at 900 ± 110 pc from the solar system. Thus, the two stars are separated by only 5.8 ± 1.6 mas. The confidence regions of the log g and T eff of both stars, as derived by the analysis described in section 4.2 are displayed in Fig. 10 , together with the Dartmouth stellar evolution tracks. The planet KOI-1257 b is transiting the primary star of the system, KOI-1257 A. It has a mass of 1.45 ± 0.35 M , a radius of 0.94 ± 0.12 R , hence, it has a planetary bulk density of 2.1 ± 1.2 g.cm −3 . Assuming a perfect redistribution of the heat in the atmosphere and a zero albedo, we estimated its time-averaged equilibrium temperature to be 511 ± 50 K. KOI-1257 b therefore belongs to the population of the warm jupiters. All the fitted and deduced physical properties of the KOI-1257 system are shown in Table 6 . These parameters are the ones derived in the analysis of scenario 1. This table also lists the 68.3% uncertainty on the parameters as well as their 99% confidence interval. We note that the derived physical properties of the transiting planet are not significantly different if the second companion is a substellar object (scenario 0).
It is interesting to note that the actual period of the transiting planet differs from the observed one. Indeed, as observed for the first time by Rømer (1677) in the system Io -Jupiter, because of the finite speed of light, the true period of the transiting planet is shifted by the relative systemic velocity of the star along the line of sight. The true orbital period P true is therefore (neglecting relativistic effects)
where P obs is the observed period and c is the speed of light in the vacuum. In the case of KOI-1257 b, the term P obs × (γ/c) is of 220 ± 10 s. The true period of KOI-1257 b is therefore P true = 86.64511 d ± 10 s which is significantly different from the observed one (P obs = 86.647661 d ± 3 s). This true period should not be used for ephemeris computation. For this reason, we give in table 6 the observed period. The difference between the true and the observed periods being relatively small, this effect should not affect the interpretation or future studies of this system.
Testing the robustness of the stellar parameters in the presence of a contaminant
The stellar analysis performed in section 3.2 assumes that the target's spectrum is not significantly blended by another star. However, we showed in section 4 that the KOI-1257 system is most likely composed of two stars separated by a few mas. Therefore, the spectrum of KOI-1257 contains the lines from both stars, one contributing to only ∼ 9% of the total flux. To test if this contaminating star does not affect significantly the derived stellar parameters, then used as priors of our analyses, we blended the observed spectrum of a G-dwarf, HD100777, together with the one of a K dwarf, HD32147. We blended together the HARPS spectrum of these two stars assuming a flux ratio of 9% for HD32147. The HARPS spectra were chosen because they have the same spectral resolution and spectral range as the HARPS-N spectrum of KOI-1257 used for the spectral analysis. From the analysis of scenario 1, we estimated that the two stars were separated in radial velocity by 1.0 +2.5 −4.5 km.s −1 at the time of the HARPS-N observations (early October 2013). We therefore assumed that the two stars are shifted by less than one HARPS-N pixel in our simulation.
After normalising the blended spectrum, we used the ARES procedure described in Sousa et al. (2007) and found that by blending the spectrum of a G-dwarf target with a K-dwarf contaminant, it affects the measured T eff by 50 K, the log g by 0.02 cm.s −2 , and the [Fe/H] by 0.01 dex. This impact on the stellar atmospheric parameters is, however, at the same level, or even smaller than the uncertainty on the measurement. We therefore conclude that the derived parameters of the KOI-1257 A star are not significantly affected if the secondary star KOI-1257 B exists or not.
Planetary system evolution
Planet interior structure and composition
In this section, we investigate the interior structure and composition of KOI-1257 b. With a mass of ∼ 1.45 M , a radius of ∼ 0.94 R , and a time-averaged equilibrium temperature of ∼ 511 K, KOI-1257 b is a warm Jupiter-like planet. Planets with mid to low temperatures are important for testing and improving the theoretical evolution models (eg. Deeg et al. 2010) . They fill the observational gap between the two solar giant planets and the large population of hot jupiters.
We used CEPAM (Guillot & Morel 1995; Guillot 2010) to build a proper planetary evolution models grid. The planet is assumed to be made of a central rocky core and a solarcomposition envelope (the so-called standard models [7.7 -9 .9] System age τ [Gyr] 9.3 ± 3.0 > 1.55
Notes. course, we do not know whether the heavy elements are concentrated in a core, dispersed in the envelope, or a mix of both. However, as Baraffe et al. (2008) have shown, dispersing heavy elements in the envelope will tend to produce, at a given age, a smaller planet compared to a core-only model. Hence our models should provide a lower-limit for the total mass of elements heavier than helium.
Since the absolute planetary parameters are fully dependent on that of the parent star, and both are model-dependent, we combined stellar (PARSEC: Bressan et al. 2012 ) and planetary evolution model using SET (see Havel et al. 2011; Almenara et al. 2013) . Through the use of SET's statistical algorithm and using the observed values only, we thus obtained posterior probability distributions of the bulk composition of the planet (i.e. its core mass), as well as independent results for the fundamental parameters of both the star and planet, the latter being entirely consistent with those presented in section 5.
The results are presented in terms of planetary radii as a function of age in Fig. 11 : the regions show the 68.3%, 95.5%, and 99.7% confidence regions from the modelling of the star and transit, while the lines show a subset of planetary models for the nominal mass and equilibrium temperature of the planet at different compositions as labelled. Standard models indicate that the planet has a core mass of 68 +76 −68 M ♁ 10 , which translates into a heavy elements mass fraction Z of 0.15
−0.15 . The planet could be coreless, but the high metallicity of the parent star suggest that there is a significant amount of heavy elements in its interior (e.g. Guillot et al. 2006 ). KOI-1257 b Fig. 11 . Evolution of the KOI-1257b radius as a function of the age. The 68.3%, 95.5%, and 99.7% confidence regions are denoted by black, dark grey, and light grey areas, respectively. The curves represent the thermal evolution of a 1.45 M planet with a time-averaged equilibrium temperature of 511 K. Text labels indicate the amount of heavy elements in the planet (its core mass, in Earth masses). No dissipation of incoming stellar flux was considered (standard models), as they do not significantly depart from the ones shown above.
Finally, other unknown model parameters could affect the results by making the planet slightly bigger for a given age (and hence implies a larger Z or core mass value): (i) opacities (see eg. Guillot 2010; Vazan et al. 2013) , (ii) different equation of state (e.g. Militzer & Hubbard 2013) , (iii) the dissipation of a 10 results from independent 1-D posterior distributions fraction of the incoming stellar flux (or other dissipation mechanism) could slow down the planet's contraction (e.g. Guillot & Showman 2002; Spiegel & Burrows 2013) . However, in this last case, assuming a common value of 1% for the dissipation of the incoming flux, one would have 5.23 × 10 24 ergs.s −1 of additional energy. Our models show this has a small effect on the radius evolution of the planet with less than 2%, compared to the almost 13% from the observational uncertainties.
Here we only consider the primary star, KOI-1257 A, and its transiting planet, KOI-1257 b, thus completely ignoring the possible effects of the outer stellar companion, KOI-1257 B on this two-body system. Even though it is not correct, we assume it is a sensible approach for the purpose of getting the composition of the planet, the impact of KOI-1257 B being presumably negligible.
KOI-1257 b thus appears to be a Jupiter-like planet with a core-mass estimate consistent with other planets of similar mass and equilibrium temperature. A more detailed study is necessary to uncover the effects of its high eccentricity on its evolution, and the role of the outer binary KOI-1257 B on the formation of such an object. Such a study is beyond the scope of this paper.
Dynamical evolution
The orbital parameters for the KOI-1257 system given in Table  6 almost fully characterise the geometry of the orbits, since we were able to estimate the inclinations of the orbital planes with respect to the plane of the sky. However, some uncertainty is still present, not only because the inclination of the binary orbit is poorly constrained (i out = 18.2
• ), but mainly because the difference between the longitude of the nodes of the two orbits, ∆Ω, is unknown. As a consequence, the mutual inclination, i, and the argument of the pericentre of the inner orbit measured from the line of nodes of the two orbits, ω, are also undetermined. These two parameters are critical to understanding the full dynamics of the system, but we can still place some constraints on their values (Giuppone et al. 2012) :
and
where we assumed i in ≈ 90
• . Therefore, we have that
Adopting ω in = 141
• , and the maximum value for the outer orbit inclination, i out = 36
• , we get 54
• , and 105
• ≤ ω ≤ 177
• . Thus, in spite of all the uncertainty, we conclude that this system has a high mutual inclination. In particular, we have that cos i < √ 3/5, the critical value that allows Lidov-Kozai cycles, where mutual inclination is exchanged with the inner orbit eccentricity (e.g. Lidov 1962; Kozai 1962) .
Since the system is hierarchical (a in /a out ≈ 0.07) with high mutual inclination, we can limit the expansion of the potential energy to the order of two in the ratio of semi-major axes, i.e. we can use a quadrupolar approximation to study its secular dynamics (e.g. Kozai 1962; Correia et al. 2013) . As a result, the orbital evolution becomes integrable and easy to understand. In Figure 12 we show all the possible paths that are compatible with the observational data listed in Table 6 . We observe that there are two possible dynamical regimes: (1) libration around the equilibrium points at ω = 90
• ; (2) Lidov-Kozai cycles around the libration region. More interestingly, we see that for both regimes the eccentricity of the inner orbit undergoes large variations, whose maximum value is always above the presently observed one, e in = 0.772. For the orbits starting with a mutual inclination close to 90
• , the maximum eccentricity is close to one, meaning that the planet can be engulfed by the central star. Near the pericentre of the orbit, the planet is always close enough to the star to undergo tidal dissipation, which modifies the present orbit. In order to test this scenario, we performed some numerical simulations of the secular equations of the motion combined with tidal effects, as described in Correia et al. (2011) . For the planet dissipation time-lag we adopt ∆t = 40 s, which is equivalent to Q = 3 × 10 4 , where Q is the quality factor. For all paths shown in Figure 12 we observe that the eccentricity is damped in less than 1.5 Gyr, time after which the planet becomes a regular hot jupiter in a circular orbit. The mutual inclination is also reduced, so that the system becomes nearly coplanar (prograde or retrograde). The evolution timescale mostly depends on the proximity to the star at the pericentre, that is, the orbits that attain higher eccentricities evolve faster.
In Figure 13 we show the orbital evolution of two different initial configurations, libration (a) and circulation (b) around the Lidov-Kozai equilibria at ω = 90
• . Both configurations correspond to situations where the eccentricity grows to a minimal upper limit of about e in,max = 0.89, ensuring that the timescale for tidal evolution is on the low side. However, we observe that the present configuration cannot be maintained for more than 0.5 Gyr if the planets start in circulation (Fig. 13b) . The configuration initially in libration (Fig. 13a) holds an eccentric orbit a bit longer (0.8 Gyr), because before the eccentricity is damped the planet needs to move outside the libration area. For initial conditions starting between (a) and (b), the lower limit for the eccentricity oscillations decreases, and for the initial conditions near the separatrix between the circulation and libration regimes it can be as small as 0.1 (Fig. 12) . As a consequence, in the frame of a quadrupolar model the tidal evolution can be delayed to a maximum of 1.5 Gyr. However, this is not very realistic, because near the separatrix the inner orbit becomes chaotic, and the planet becomes a hot jupiter in a few Myr (see Correia et al. 2013 ). Fig. 13 . Long-term tidal evolution of the inner orbit of the KOI-1257 system with Q = 3 × 10 4 . We show the evolution for two sets of initial conditions taken from Figure 12 , one starting in libration (a) and the other starting in circulation (b). In both simulations the present configuration can be maintained for at least 0.5 Gyr, after which time the planet evolves into a regular hot jupiter in a close-in circular orbit.
Smaller values for the maximum eccentricity variations could be obtained if the present inclination of the binary orbit is underestimated, that is, if i out > 36.2
• . The evolution timescale
Article number, page 19 of 39 A&A proofs: manuscript no. KOI1257_accepted_vLE-arXiv is also nearly inversely proportional to Q, so we can delay the evolution by a factor of 10 if we assume Q = 3 × 10 5 . This is still reasonable, and allows the system to stay for additional 5 Gyr near the present configuration (instead of only 0.5 Gyr). Given the estimated age of the star (∼ 9 Gyr), a delayed scenario is in better agreement with the past history of this system. We therefore conclude from this analysis that the inclination of the binary companion must be closer to its higher limit, in order to decrease the mutual inclination of the system and the inner orbit maximal eccentricity variations.
To account for this dynamical result in the analyses, we reran the PASTIS analysis of scenario 1 as described in section 4.2 changing only the prior on the outer-companion orbit to have i out > 36.2
• . The derived parameters are fully compatible with those given in the online table 4, except for the outer-companion orbital inclination and its orbital eccentricity. The orbital inclination of the binary orbit is i out = 52 ± 11
• . The eccentricity of the binary orbit is now surprisingly well constrained with e out = 0.8 ± 0.1. This also slightly increases the probability of scenario 1 to P (S 1 | D, I) = 99.63 +0.35 −8.89 %, under the hypothesis of eq. 6. This increase might be surprising since the most likely inclination found in section 4.2 is now rejected by the new prior. If the maximum of likelihood decreased with this new prior, this scenario would be less probable. However, the size of the prior of scenario 1 decreased, decreasing also its penalisation through Occam's razor. Since the inclination i out is poorly constrained in section 4.2 (see the 99% confidence interval in table 6), the value of L max is only slightly changed by rejecting the nearly face-on solutions (the relative decrease of ln L max is only of 4 10 −5 ). However, the gain due to the decrease of the prior size is slightly higher (the relative increase of the median of the log of the posterior is of 1.5 10 −4 ), which explains this counter-intuitive increase in probability.
Discussions
Confirming the binary star KOI-1257 B
The presence of a secondary star in the KOI-1257 system was shown in section 4.5. However, there are some limitations to the analyses performed (see section 4.7) and the probability of scenario 0 might be significantly non-zero. Thus there is a low, but non-zero, probability than the secondary star KOI-1257 B does not exist. In this case, the system would be composed of another substellar companion. Moreover, this is the first time here that we infer the presence of a blended star based on the joint analysis of the RV, bisector, and FWHM variation. One might be skeptical about this detection and need some independent confirmation to validate the analysis and the results performed here. There are several ways to independently confirm the presence of KOI-1257 B which we discuss below.
The two binary stars are separated by 5.8 ± 1.6 mas, which is smaller than the resolution of the Robo-AO observation performed by Law et al. (2013) . To resolve these two stars, it is necessary to have either a high-throughput interferometer operating in the visible with a baseline of at least 23.8 ± 7.1 m, or an extremely large telescope. Given the magnitude-limit of current interferometers, the confirmation of this binary would be challenging.
Another way to confirm the binary would be to detect its astrometric signal. With a mass ratio of 0.71 ± 0.06 and an angular separation of 5.8 ± 1.6 mas, the astrometric signal of this binary is expected to be of less than 4.1 ± 1.1 mas (assuming that the flux contribution from the secondary star is negligible). Theoretically, it should be possible to confirm this binary using the astrometric data obtained by the Kepler telescope (Monet et al. 2010) , which has a precision of about 1 mas for KOI-1257. However, Kepler astrometric measurements are affected by systematics (Benedict 2013 ) that make this astrometric detection extremely challenging. The confirmation of the KOI-1257 binary from Kepler astrometry is beyond the scope of this paper. The Gaia astrometric observatory is expected to reach an astrometric precision at the level of the µas. This precision will be, by far, enough to detect and confirm the presence of KOI-1257 B.
Finally, another way to confirm the presence of KOI-1257 B would be to observe with high-resolution spectrographs when the two stars are at their maximum of radial velocity separation. If they are well separated, the spectrum will look like the one of a double-line binary. However, the current constraints on the orbital parameters of the system do not allow us to predict with a reasonable precision (1) if the stars can be resolved with a high-resolution spectrograph such as HARPS-N or SOPHIE and (2) when this maximum of RV-separation will happen. Future spectroscopic observations of this system will be useful to improve the constraints on this system and improve the predictions. Techniques to disentangle spectra might also be used to confirm the K dwarf companion, such as TODMOR (see for example Tal-Or et al. 2011 , and references therein). A detailed analysis of a near-infrared high-resolution spectrum of the system might reveal some spectral lines that are unique to K dwarfs and thus confirm the scenario 1.
We note that the derived parameters of the planet do not change significantly between scenario 0 and 1. Thus, if the secondary star KOI-1257 B is not confirmed by future observations, this would not change significantly the physical properties of the transiting planet. In that case, the best parameters for the transiting planet would be those derived by the Model C in section 3.6.
Magnetic cycle mimicking a binary system ?
The secondary star KOI-1257 B was highlighted thanks to a drift in both the radial velocity and the FWHM as observed by SO-PHIE. However, magnetic cycles are also known to produce radial velocity and FWHM variations with time (Lovis et al. 2011) . The target star KOI-1257 is a relatively old G dwarf and does not present variability in the Kepler light curve. As illustrated by figure 19 in Lovis et al. (2011) , low-activity G dwarfs present a magnetic-related RV variation at the level of a few m.s −1 . It is therefore extremely unlikely to have observed a low-activity G dwarf for which the magnetic cycle produces an effect on the radial velocities and the FWHM at the level of several hundred of m.s −1 .
Other candidate transiting planets in binary
Among the Kepler planet population, other objects were found to transit one of the components of a binary system. This is the case of the KOI-13 / Kepler-13 system where a giant planet is transiting the main component of a A-dwarf binary (Howell et al. 2011; Szabó et al. 2011; Santerne et al. 2012a ) and the Kepler-14 system (Buchhave et al. 2011) . The planet in the KOI-42 / Kepler-410 system (Van Eylen et al. 2014 ) is also orbiting the main component of a binary revealed by asteroseismology. Recently, Lissauer et al. (2014) and Rowe et al. (2014) reported the interesting cases of KOI-284 / Kepler-132 and KOI-1422 / Kepler-296, which are two systems with several planets transiting each member of a binary system. Other planet-candidate hosts were found by ground-based speckle (Howell et al. 2011) or high-resolution imaging observations (Law et al. 2013 ) to have close contaminant that might or might not be bound with the Kepler target.
With nearly half of the FGK dwarfs being members of a multiple-stellar system (Raghavan et al. 2010; Tokovinin 2014a,b) , it would be surprising not to find a large population of planets in binary. Based on false-positive population synthesis in the Kepler field of view, Fressin et al. (2013) concluded that planets in binary should indeed be the dominant source of false positives among Kepler transit candidates 11 . One might therefore expect more planets in binary to be found among the Kepler planet population and the candidates catalogue.
Recently, Marcy et al. (2014) reported the results of the ground-based radial velocity follow-up with the Keck telescope of 22 Kepler transit hosts. Among them, a few targets present a significant radial velocity drift, as is observed in the KOI-1257 system or non-transiting long-period objects for which only the minimum mass is known. Those targets are KOI-69 / Kepler-93, KOI-104 / Kepler-94, KOI-148 / Kepler-48, KOI-244 / Kepler-25, KOI-246 / Kepler-68, KOI-292 / Kepler-97, and KOI-1442 / Kepler-407. Some of them might therefore be member of binary systems. This is especially true for KOI-292 / Kepler-97 for which a stellar companion at 0.37" was detected by high-resolution imaging. This might also be the case of the negative-mass planets (KOI-41 / Kepler-100, KOI-82 / Kepler-102, KOI-116 / Kepler-106, and KOI-153 / Kepler-113) reported by Marcy et al. (2014) , that most likely can be explained by low-amplitude drifts in the data or stellar activity that are not modelled, as stated by the authors. These drifts might be of planetary or stellar origin. However, if these planets are transiting in binary and without additional constraints, it is not clear whether they are transiting the primary or the secondary star of the system. If they actually orbit the secondary star of a binary system, one might expect their reported physical parameters to be strongly affected. Radial velocity follow-up of these systems with spectrographs such as SOPHIE and HARPS-N that allow the measurement of the bisector and the FWHM might be useful to constrain this kind of scenario, as done in this work for KOI-1257. High-precision astrometric observations from the Gaia telescope will also provide useful constraints.
Other transiting planet hosts were found to present radialvelocity drifts revealing long-period companions (Knutson et al. 2014 , and references therein). Thanks to adaptive optic observations, the authors constrained some of the reported accelera-11 Even if they are planets located in the target system, Fressin et al. (2013) considered planets transiting the secondary star of a binary system as false positive because the physical parameters derived for those planets (specially their radius) would be strongly affected by the dilution from the binary primary star, if it is not taken into account. A large planet transiting a secondary star of a binary star might therefore mimic an Earth-sized planet, affecting the statistics based on the list of planet candidates.
tions to be compatible with a stellar companion. However, based on their constraints on the outer-companion minimum mass, it is not possible to exclude this companion from the stellar regime. Once again, long-timespan FWHM and bisector measurements on these systems would provide additional constraints on the nature of the outercompanion, as we showed here.
7.4. KOI-1257 b: a highly-eccentric period valley giant exoplanet Figure 14 displays the mass, the radius, and the eccentricity of KOI-1257 b as functions of its orbital period together with all the transiting and radial velocity planets confirmed so far (source: NASA Exoplanet Archive). KOI-1257 b is among the few known giant planets that have an orbital period longer than 10 days, but less than about 100 days (see Fig. 14, upper panel) . This region is known as the period valley (Udry et al. 2003) .
The relatively few giant planets that are found in this period valley should have a different formation process, a different migration process, or different efficiency than the population of hot jupiters (with orbital periods of less than ∼ 10 days) and the population of cold giants (with orbital periods of more than 100 days, like Jupiter).
It was proposed by Adibekyan et al. (2013) that giant planets in metal-poor systems might have formed farther out from their host and/or later than in metal-rich systems which makes the migration process less efficient. However, KOI-1257 is a metal-rich system ([Fe/H] = +0.27 ± 0.09 dex). This hypothesis cannot explain its formation. Dawson & Murray-Clay (2013) showed that valley-period giant planets orbiting metal-rich stars have much more eccentric orbits than metal-poor stars. They suggested that this is due to planet -planet scattering that occurs more efficiently in metal-rich systems since they formed planets more efficiently. These planets then interact gravitationally and produce high eccentricity planets. Being metal-rich and highly eccentric, the system KOI-1257 supports this hypothesis. Recently, Tsang et al. (2014) proposed another explanation for this metallicity trend in valley-period giant planets, without the need of planet -planet scattering. Their solution is based on the fact that at the dust sublimation radius (∼ 0.1 AU) the shape of the disk creates a shadow region up to 1 AU which allows disk interactions to damp eccentricity. However, according to the authors, at high metallicity (as in the case of KOI-1257), the optical depth of the disk is higher which decreases the self-shadowing effect. In this case, high eccentricity of planets in metal-rich systems might be explained by a planet -disk interaction as suggested by Goldreich & Sari (2003) , without the need of planet -planet scattering. Such planet -disk interaction might therefore explain the high eccentricity observed for KOI-1257 b. However, since this planet is most-likely in a binary system, or at least has an outer, massive companion, the interaction with this companion should have played a role in the formation and the dynamical evolution history of KOI-1257 b. If the Lidov-Kozai mechanism and tides are too strong, they would have circularised this planet in a hot-jupiter orbit within a few hundred Myr, as discussed in section 6.2.
The KOI-1257 system is similar to the HD80606 system. The latter is also composed of two bounded stars (the second star being HD80607) which host a transiting 111-day period highly-eccentric (e ∼ 0.93) giant exoplanet (Naef et al. 2001; Moutou et al. 2009a ). Both are located at the edge of the eccentricity -period distribution (see Fig. 14, lower panel) .
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• (Moutou et al. 2009a; Hébrard et al. 2010) , which helps to constrain its dynamical evolution. Unfortunately, the faintness of the KOI-1257 host does not allow us to significantly detect the Rossiter-McLaughlin effect then used to determine its orbital obliquity.
As illustrated in the top panel of figure 14 , the planet KOI-1257 b does not show evidence of an inflated radius, as is common in the population of hot jupiters. This lack of inflated radius was already suggested by Demory & Seager (2011) since longer-period planets received much less irradiation from their host stars than the hot jupiters. Taking this into account makes scenario 2 even more unlikely since the planet would have an unexpected inflated radius of 1.56 ± 0.13 R .
Conclusions
In this paper, we present a new transiting giant planet: KOI-1257 b. It was first detected by the Kepler space telescope and then validated thanks to ground-based follow-up observations with the SOPHIE and HARPS-N spectrographs (see section 2). This planet has a relatively long orbital period of P in = 86.647661 d ± 3 s and a high eccentricity e in = 0.772 ± 0.045. This eccentricity is independently supported by both the Kepler transit light curves and the SOPHIE and HARPS-N radial velocities (knowing the planet ephemeris), as discussed in section 3.5. The HARPS-N data during a transit of KOI-1257 b does not allow us to detect significantly the Rossiter-McLaughlin effect, leading to poor constraints on the orbital obliquity of the planet (see section 3.7).
The SOPHIE radial velocities present a long-term drift that revealed the presence of an outer, massive companion in the system (see section 3.8). This companion does not perturb significantly the orbit of the transiting planet within the timespan of the Kepler observations since no TTVs were detected (see section 3.9). The drift present in the radial velocity data is compatible with a stellar companion, revealing that the KOI-1257 system is actually a binary system. Thus, in such a situation, it is not clear on which star of the binary the planet is transiting. It is also difficult to derive accurate fundamental parameters of the planet since they might be affected by the presence of the other star. Indeed, it is well known that in the case of a binary star system, the observed transit depth would be diluted, which would lead to an underestimation of the planetary radius. Moreover, if both stars of the binary are also spectroscopically blended, the measured radial velocity amplitude would be diluted, leading to an underestimation of the planet mass (as shown for the first time in Santos et al. 2002) .
To solve this uncertainty, we simulated all the SOPHIE data (including the radial velocity, the bisector and the FWHM), the Kepler transit light curve and the spectral energy distribution of the system using the PASTIS software . We tested four scenarios: the system is composed of a star orbited by two substellar objects (S 0 ), the planet transits the primary star of a binary (S 1 ), the planet transits the secondary star of a binary (S 2 ), and finally, a low-mass star eclipses the secondary star of a triple system (S 3 ). By computing the probability P (S i | D, I) of each scenario S i , we find that the scenario involving a planet transiting the primary star of a binary system (S 1 ) is the most likely scenario, with a probability of 98.7 +1.2 −13.3 %. As discussed in section 4.7, this probability might be either over-or underestimated, which might change the conclusion in favour of scenario 0. This scenario 1 is mainly constrained thanks to the variations of both the RV and FWHM and the non-variation of the bisector observed by SOPHIE.
By accounting for the secondary star in the system, we find that the planet KOI-1257 b has a mass of m p = 1.45 ± 0.35 M and a radius of r p = 0.94 ± 0.12 R which give it a bulk density of ρ p = 2.1 ± 1.2 g.cm −3 . With an equilibrium temperature of T eq = 511 ± 50 K, it belongs to the population of the warm jupiters. KOI-1257 b is the fifth transiting warm jupiter known with both a measured mass and radius (not accounting for the circumbinary planets, see Fig. 14) . Using the CEPAM and SET planet evolution models, we find that the planet has a core mass of 68 +76 −68 M ♁ , which corresponds to a heavy elements mass fraction Z of 0.15
The main component of the binary star system has a mass of M 1 = 0.99 ± 0.05, a radius of R 1 = 1.13 ± 0.14 R , and an iron abundance of [Fe/H] = +0.27 ± 0.09 dex. The second component of the binary star system has an estimated mass of M 2 = 0.70 ± 0.07 M and a radius of R 2 = 0.68 ± 0.07 R . It orbits the primary star with a semi-major axis of a out = 5.3 ± 1.3 AU and an inclination of i out = 18.2
• . However, the dynamical evolution analysis presented in section 6.2 suggests that the binary system is not nearly face-on, otherwise the Lidov-Kozai mechanism would have circularised the orbit of the transiting planet into a hot jupiter in a few hundred Myr. This not being compatible with the estimated age of the system (τ = 9.3 ± 3.0 Gyr), the inclination of the binary star system should be i out > 36.2
• . This is compatible with our analysis within the 99 % confidence interval (see table 6 ). This is the first time that a blended stellar system is constrained thanks to a joint analysis of the RV, bisector, and FWHM variation together with a transit light curve and the spectral energy distribution. It was well known that a stellar blended system mimicking a planetary transit might produce a bisector variation (e.g. Santos et al. 2002; Bouchy et al. 2004; Torres et al. 2004; Moutou et al. 2009b; Léger et al. 2009 ). However, if the contaminating star has a similar υ sin i , it might not produce a significant bisector variation. In that case, the FWHM turns out to be more efficient at revealing blended stellar contaminant.
In the case of the KOI-1257 system, the contaminating star (the secondary star of the binary) is not the source, nor the host of the transit. In other configuration systems, it would be possible to have a false positive that does not produce significant bisector variation, but does produce significant FWHM variation. To validate the establishment by radial velocity of a transiting planet it is therefore necessary to check not only for bisector variation, but also for FWHM variation. This is especially true if a drift is detected in radial velocity since it might be imprinted by the transit host to the main star of a binary star system. This type of scenario is expected to be the largest source of false positives among the Kepler candidates (Fressin et al. 2013 ). This study shows that high-precision bisector and FWHM are therefore useful to constrain this type of false-positive scenario.
The HARPS-N observations obtained during a transit of KOI-1257 b do not permit us to detect clearly the RossiterMcLaughlin effect (see section 3.7). Using the Arome tool implemented into the PASTIS software, we find that |λ| = 74 +32 −46
• . However, this modelling of the RossiterMcLaughlin effect does not account for the contamination from the contaminating star (KOI-1257 B) . By comparing the diluted radial velocity amplitude found in Model C (see section 3.6), with the expected radial velocity amplitude of the KOI-1257 A system (after correcting for the dilution from KOI-1257 B), we find that the undiluted amplitude of the Rossiter-McLaughlin effect would be ∼ 13% larger. This dilution factor is too small to change significantly the derived constraints on the orbital obliquity of the transiting planet. This paper also demonstrates that amateur facilities might participate in the follow-up of giant transiting planets that present large and not-well-understood TTV, as already suggested by Mousis et al. (2013) . An efficient collaboration between professional and amateur astronomers will also be extremely useful for the ground-based photometric follow-up of the future TESS and PLATO space missions. These two missions will have large photometric masks (see Rauer et al. 2013 , for the case of PLATO) in which a significant number of background eclipsing or transiting systems might reside . Ground-based photometry with small telescopes, such as amateur ones, could efficiently rule out background false positives. It could also significantly decrease the exclusion radius of background contaminants, then be used to validate planets with tools such as PASTIS .
System name
At the time of writing this paper, the system was attributed only two Kepler names: the Kepler Input Catalog (KIC8751933 ; Brown et al. 2011) because it is located in the Kepler field of view, and the Kepler Object of Interest (KOI-1257 ; Borucki et al. 2011 ) because a transiting planet candidate (KOI-1257.01) was detected on this target. This catalogue of Kepler Objects of Interest has a significantly non-zero false-positive rate (Morton & Johnson 2011; Santerne et al. 2012b; Fressin et al. 2013; Santerne et al. 2013a) , therefore the planetary nature of candidates has to be established.
This study is the first one to show that this transiting planet candidate is a bona fide planet and not a false positive. Following the recommendation of Borucki et al. (2011) , we should name this planet KIC8751933 b. Since this KIC identification is not convenient, and since we are the first ones to claim the planetary nature of this candidate, we propose renaming the transiting candidate KOI-1257.01 as the bona fide planet KOI-1257 b.
For homogeneity and consistency with the other planets validated in the Kepler field of view, a Kepler identification will be attributed to this system 12 after the acceptance of this paper for publication 13 . However, even if this study is the first one that validates the planetary nature of the candidate KOI-1257.01, its discovery was only possible thanks to the work done by Borucki et al. (2011) . To clearly make the distinction between our characterisation and validation and the complete planet-discovery process (from its detection in the photometric data to its validation and characterisation) made by the Kepler team, we decided to name this planet based on its KOI identification, as widely used in the scientific community (e.g. Szabó et al. 2011; Muirhead et al. 2012; Johnson et al. 2012; Weiss et al. 2013 We present in this Appendix the SOPHIE radial velocities of the constant star HD185144. During 2012 and 2013, this constant star was observed systematically on the same nights as the Kepler targets. It was observed using the same instrumental mode, i.e. the High-Efficiency mode (HE), but in ThoSimult mode (with the calibration ThoAr lamp observed simultaneously). This star was also observed in High-Resolution mode (HR), less systematically, in order to control the performance and stability of the spectrograph to search for low-mass planets . We selected here only the observations that have reached a signal-to-noise per pixel in the spectra of at least 50 at 550nm. The star HD185144 was observed 137 times in HE during 2012 and 2013. Figure A.1 in 2013 with a timescale of four days. This corresponds to about one third and one fourth of the radial velocity amplitude of the transiting planet (K = 94 ± 21 m.s −1 ). Those variations are not well understood but seem to be correlated with the temperature outside the dome. During the summers of 2012 and 2013 at Observatoire de Haute-Provence there was a fast drop in the temperature due to a storm after a week of relatively hot days. This fast drop of the local temperature at the observatory is observed for both seasons in HD185144 data by a radial velocity variation at the level of ∼ 20 m.s −1 with a timespan of about one week. This effect is not observed in the HR mode. Before the implementation of octagonal fibres in June 2011 (Perruchot et al. 2011) , the same effect was observed with an amplitude about five times larger (see Hébrard et al. 2013a Appendix B: Upper-limit constraint in mass from a radial velocity drift.
The quadratic radial velocity drift observed in SOPHIE data of KOI-1257 was analysed in section 3.8 assuming a circular orbit. The MCMC analysis converged toward a higher probability of having a short-period brown dwarf rather than a long-period solar-like star. However, it is well known that from a radial velocity drift, it is possible to constrain only the lower-limit in mass of a companion, but not its upper-limit in mass. To understand the result obtained in section 3.8, we performed the following test. We generated synthetic radial velocity data using the SOPHIE observations (the observing times and the radial velocity uncertainty) assuming a pure white noise. We modelled two circular orbits with a period of 3400 days (which corresponds to the most-likely period of the outer orbit in the KOI-1257 system) and a radial-velocity semi-amplitude of 1 km.s −1 . The epoch of periastron of the two orbits were chosen in order that the data display either a linear drift or a quadratic drift, the latter being the same as observed in the case of KOI-1257. The synthetic data for the linear and quadratic drift are displayed in the top panels of figures B.1 and B.2, respectively.
We analysed both datasets as done in section 3.8 but assuming that the system is only described with a circular orbit. We used exactly the same priors for both analyses, using Jeffreys priors for both the orbital period and the radial-velocity semi-amplitude. The other priors were chosen as large and uniform distributions. We show in the bottom panels of figures B.1 and B.2 the 99.7% confidence region from the posterior distribution computed through the same MCMC procedure as in section 3.8. The two posterior distributions present a different shape: while the linear-drift dataset (Fig. B.1 ) provides only a lower-limit in mass of the companion, the quadratic-drift dataset (Fig. B. 2) provides both a lower-and an upper-limit in mass. This can be explained easily by considering that it is more likely to observe a significant curvature in the radial velocity data if the orbital period is relatively short. On the other hand, for orbital periods much longer than the timespan of the observations, it is more likely to observe a nearly linear drift. This effect might also be explained by the fact that the second-order polynomial, needed to describe the radial-velocity data, more accurately constrains the orbit of the companion than a first-order polynomial. Then, the constraints in period translate into constraints in radial-velocity amplitude (or companion mass) thanks to the assumption of purely circular orbit.
The constraints on the upper-mass of the companion found in section 3.8 therefore come from the assumption of a perfectly circular orbit and the curvature of the drift observed by SOPHIE. Article number, page 27 of 39 Table 1 . Priors used for the analysis of models A, B, C, D, and E: U(a, b) represents a Uniform prior between a and b; J(a, b) represents a Jeffreys distribution between a and b; N(µ, σ 2 ) represents a Normal distribution with a mean of µ and a width of σ 2 ; N A (µ, σ 
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